Two outstanding characteristics of azotobacter, their abilitv to fix nitrogen and unusually high rates of oxidation, have stimulated interest in obtaining cell free extracts suitable for biochemical analysis of these processes. Many difficulties have been encountered in obtaining such extracts. Attempts to obtain cell free extracts capable of nitrogen fixation have given extremely inconsistent results (reviewed by Burris, 1956, and Magee and Burris, 1956 ). The methods used for demonstrating coupled oxidative phosphorylation in crude and fractionated extracts of mycobacteria and corynebacteria (Brodie and Gray, 1955a , 1955b , 1956a , 1956b , 1956c did not yield satisfactory results with azotobacter. Recently coupled oxidative phosphorylation has been demonstrated in fractionated extracts of azotobacter (Slater, 1955; Tissieres and Slater, 1955; Rose and Ochoa, 1956) .
Reinvestigation of the crude azotobacter svstem has revealed that the initial erratic results were largely due to the extremely labile nature of the crude system. The results achieved with extracts stabilized during preparation were reproducible. The nature and properties of this labile system are described and compared with other azotobacter and mycobacterial systems.
MATERIALS AND METHODS
Azotobacter agile (A. vinelandii), ATCC strain 9104, was grown in 2 L shake flasks containing 600 ml of nitrogen free medium. The composition of the medium was similar to that described by Wilson and Knight (1952) , except that the content of calcium was decreased to 0.05 g CaSO4 .2H20/L. The carbon sources, added after autoclaving, consisted of 0.5 per cent glucose and 0.75 per cent potassium acetate. The cells were grown at 37 C for 24 hr, harvested by centrifugation at +2 C, washed by thorough stirring in cold distilled water and recentrifuged. The resulting pellet from 3 L of medium (8 to 10 g wet wt) was suspended in 5 ml of 0.06 M "tris" (hydroxymethyl) aminomethane buffer, pH 8.0, containing 0.06 M MgSO4 and 25 Amoles of adenosine triphosphate (ATP). The thick suspension was treated for 3 to 4 min in a 10 kc Raytheon magnetostrictive oscillator and then diluted with 5 ml of mannose dialysis solution (see below). The homogenate was centrifuged for 30 min at 20,000 X G. The supernatant (crude extract) was decanted carefully and dialyzed for 15 min against 200 ml of 0.15 M KCl containing 0.005 M tris buffer (pH 8.0), 0.001 M MgSO4, 10 Amoles of ATP and 0.25 M mannose. This dialysis was followed by two additional 30 to 45 min dialyses. All extracts were tested immediately after preparation.
The protein content of the cell free preparations was estimated by the procedure of Stadtman et al. (1951) . Determinations of phosphate and manometric measurements were similar to those described by Brodie and Gray (1956a) .
Specimens for election microscopy were diluted in 0.15 M KCl and deposited onto collodion membranes by a rapid filtration method analogous to that described by Kellenberger (1954 (Ernster and Low, 1955) . Oxidative phosphorylation. Using preparations which oxidized a-ketoglutarate, coupled oxidative phosphorylation could be demonstrated with other electron donors (table 2). These P/0 ratios are representative of a large series of experiments. The esterification of inorganic phosphate was inhibited under anaerobic conditions, except with pyruvate which showed some phosphorylation associated with the substrate. Rations greater than 1 were routinely obtained with pyruvate (corrected) and usually with a-ketoglutarate. The oxidations observed with succinate, malate and fumarate were approximately twice that found for other substrates tested and were found to be partially inhibited by KCN. The incomplete cyanidewinhibition was similar to that found by Brodie and Gray (1955a) and indicated that a portion of the electrons were being transferred to oxygen by a soluble, nonphosphorylative pathway.
When dialyzed extracts were used, the esterification of inorganic phosphate required the addi- (Brodie and Gray, 1956b , 1956c ) from a mycobacterium (Hartman et al., 1956) and various extracts of other bacteria (reviewed in Alexander, 1956 (Brodie and Gray, 1957 (Hyndman, et al., 1953; Slater, 1955; Tissieres and Slater, 1955; Rose and Ochoa, 1956) .
In azotobacter, oxidation of a-ketoglutarate provided a reliable indicator of integrated enzyme activities. Coupled oxidative phosphorylation in azotobacter extracts, however, is far more labile than the ability to oxidize succinate (Repaske, 1954) or p-phenylenediamine. This is in contrast to the mycobacterial system of Brodie and Gray (1957) in which a correlation exists between succinoxidase, p-phenylenediamine activity, and oxidative phosphorylation. These results suggest the use of labile particulate bound oxidase activity as an index of a preparation's ability to couple phosphorylation to oxidation.
Uncoupling agents such as DNP had relatively little effect in most experiments with azotobacter extracts. However, in some experiments excellent uncoupling has been noted. The cause for this inconsistency is not known. Even greater resistance to uncoupling agents has been noted by Slater (1955) , Tissieres and Slater (1955) , and Rose and Ochoa (1956) .
The relationship between structures found in the intact cell and the elements responsible for oxidative phosphorylation in extracts remains obscure. While these extracts contain particles which exhibit some of the properties expected of mitochondrial structures, we cannot state whether they are derived from the cellular membranes or from polar bodies observed in whole cells. Such particles, however, do participate in the classical biochemical functions associated with mitochondria (Brodie and Gray, 1957) .
Experience thus far indicates that the mycobacterial system (because of its greater stability, higher P/G ratios and its sensitivity to uncoupling agents), is superior to the azotobacter system for studying mechanisms of oxidative phosphorylation. Nonetheless, the rapid oxidations and the possibility of facilitating nitrogen fixation in cell free extracts will continue to create special interest in the azotobacter systems. donors. This system is extremely labile but can be stabilized by the addition of ATP and Mg++.
ACKNOWLEDGMENTS
The presence of particle bound oxidase in the form of a-ketoglutarate oxidase serves as a reliable indicator of the ability to couple phosphorylation to oxidation. The resistance of this system to uncoupling agents is similar to that observed with other azotobacter preparations. The properties of the azotobacter system are compared with similar systems from other bacteria.
